Abstract -The objective of this study was to assess the effects of base cation (Ca, Mg, K) and phosphorous (P) fertilization on the vascular ground vegetation in mature European beech and sessile oak stands located on acid brown soils. Two types of treatment were applied next to control plots (dolomite lime, dolomite lime + natural phosphate + potassium sulphate). Specific richness, total cover (%), equitability coefficient as well as the Ecological Group of the ground vegetation were studied. Four years after dolomite application, new Ndemanding and ruderal species appeared and increased the specific richness. The natural phosphate application combined with potassium sulphate positively influenced the emergence of new mesotrophic plant species. In the beech stands the total cover tended to increase while in the oak stand the equitability coefficient decreased. The specific richness of the initial acidophilous vegetation remained unchanged but the total cover decreased. Differences between the response of the ground vegetation in the oak and the beech stands were attributed to a difference in stand density. base cation / phosphorous / acid brown soil / plant diversity / ecological group Résumé -Effets de la fertilisation sur les plantes vasculaires du sous-bois dans des peuplements de hêtre (Fagus sylvatica L.) et de chêne sessile (Quercus petraea (Matt.) Lieb.). L'objectif de cette étude est d'évaluer les effets d'une fertilisation en cations basiques (Ca, Mg, K) et P sur les plantes vasculaires du sous-bois dans des peuplements adultes de hêtre et de chêne sessile situés sur des sols bruns acides. Deux types de traitement ont été appliqués et comparés à un témoin (dolomie, dolomie + phosphate naturel + sulfate de potassium). La richesse spécifique, le recouvrement total, le coefficient d'équitabilité ainsi que les groupes écologiques de la végétation au sol ont été étudiés. Quatre ans après l'application de dolomie, de nouvelles espèces nitrophiles et rudérales apparaissent, augmentant ainsi la richesse spécifique. Le phosphate naturel combiné au sulfate de potassium influence positivement l'émergence de nouvelles espè-ces mésophiles. Dans les peuplements de hêtre, le recouvrement total tend à s'accroître et dans le peuplement de chêne le coefficient d'équitabilité diminue. La richesse spécifique de la végétation initiale acidophile reste inchangée mais le recouvrement total diminue. Des différences entre la réponse de la végétation au sol dans les peuplements de chêne et de hêtre ont été mises en évidence et ont été attribuées à la différence de densité de peuplement. cation basique / phosphore / sol brun acide / diversité floristique / groupe écologique Ann. For. Sci. 58 (2001) [829][830][831][832][833][834][835][836][837][838][839][840][841][842] 829
INTRODUCTION
Since the 1970s, forest decline is a matter of concern in different parts of Europe and North America. Many biotic and abiotic stress factors seem to influence forest dieback [21] . In particular, nutritional imbalances have been pointed to as a predisposing factor in certain regions [16, 20, 47] . For example, it has been demonstrated that Mg deficiency positively influences the yellowing and the crown defoliation of Norway spruce [14, 46] .
In this context, base cation fertilization is thought to be an efficient tool against forest degradation [1, 17, 32, 34] . Many studies have been conducted to assess the effects of fertilization or liming on different parts of the forest ecosystem. In this context, information is available about the concentration of nutrients in the soil and the leaves, the crown condition and the tree growth [3, 4, 15, 23, 28, 41] . Some authors studied the effect of fertilization on the stocks of elements in different parts of the ecosystem, sometimes taking into account fluxes such as throughfall and/or soil solution [17, 24, 30, 31, 38] .
The response of the ground vegetation has received less attention [5, 6, 25, 35, 36] though, in some cases, the ground flora contributes more to the annual nutrients cycling than the old trees [10, 36] . Furthermore, if liming tends to be generalised, questions arise about the impact of this practice on the floristic composition, structure and diversity of plant communities [13] . Great concerns about such impacts arise in regions like the Belgian Ardenne, where studies show that some important nutrients (Ca, Mg, P) are at low concentration in 70% of the soils [19] .
During the 1990s, diagnostic fertilization trials were installed in the Belgian Ardenne on acid and poor-nutrient soils [23] . The aims of the experiment were (i) to test on a regional scale base cation (Ca, Mg, K) and phosphorous (P) fertilization as a method to prevent forest dieback and/or restore forest health on adult stands, and (ii) to compare the response of different ecosystems. The experimental design was suited to investigating the treatments effect on the ground vegetation. The aim of this paper is to present the results concerning the response of the vascular plant community. This response is analysed from different points of view: species diversity, cover, equitability and Ecological Group. Another paper presents the general methodology of the study and the results of soil and foliar analysis [23] .
MATERIALS AND METHODS

Stands description
The ground vegetation surveys were conducted in 5 even-aged stands of European beech (Fagus sylvatica L.) and 1 stand of sessile oak (Quercus petraea (Matt.) Lieb.) located in the Belgian Ardenne ( figure 1 and  table I ). According to the management plan, the trees were approximately 100 years old at the beginning of the experiment (1994) . These stands were selected throughout the Belgian Ardenne according to several criteria [23] . First, they had to be located on acid and magnesium poor soils. This was tested by foliar and soils analyses before fertilizer application. Second, soil type (Belgian legend, IRSIA 1:20 000 soil map) and topography had to be homogeneous at stand level. Third, sampling should take into account the ecoclimatic diversity of the region: stands were chosen in various Ecological Sectors of the Belgian Ardenne as defined by Onclinkx et al. 1987 (table II) .
The altitude ranges between 380 and 470 m (table I) . The mean temperature varies between 6.5 and 7.9°C and the annual precipitation between 1030 and 1200 mm (table II) . The stands are on Dystric Cambisol [9] and the humus type is moder for the beech and acid mull for the oak. In 1994, the pH of the mineral soil (0-20 cm layer) was between 3.83 and 4.35 (table I). In the winter 1994-1995, the basal area was between 18.4 and 23.5 m 2 ha -1 .
The study sites are situated in the medio-European phytogeographical domain. The natural association of the beech stands is Luzulo-Fagetum with sub-association 830 L. Misson et al. typicum, vaccinietosum or deschampsietosum (table I) [26] . The oak stand belongs to the Luzulo-Quercetum (subass. typicum), which is an anthropic substitution of the former association [26] .
Fertilization treatment
The methodology applied in the prescription of the fertilization treatments can be found in Misson et al. (2001) . Table III presents the general characteristics of the products and doses applied during winter 1994-1995. The first treatment (F1) spread 3000 kg ha -1 of dolomitic limestone 55/40 with a particle size < 100 µm. The second treatment (F2) consisted of the standard dolomite application (F1) plus an addition of 0 to 800 kg ha -1 of natural phosphate as well as between 200 and 250 kg ha -1 of potassium sulphate. The amount of natural phosphate and potassium sulphate depends on the site susceptibility to specific induced deficiencies [23] . A control treatment (CONTROL) is characterised by the absence of fertilization.
In each stand, three replications per treatment were made. Each replicate was a square plot, which is 50 × 50 m for beech and 55 × 55 m for oak. Between the plots, a buffer zone of at least 25 m wide was kept without any treatment. A blowing engine towed by a Buurnett forwarder was used to spread the fertilizers, using a flow independent of the speed of the forwarder. To ensure the spatial homogeneity of fertilizer application [22] , the spreading was carried out in two applications, from the opposite sides of each plot. It was done on days without wind, rainfall, snowfall or snow cover of the soil.
In 1994 and 1997, the soils were sampled and analysed. Figure 2 shows the mean concentration of the soil exchangeable cations for each treatment in 1997. After fertilization, Ca and Mg concentrations in the 0-10 cm soil layer were higher in the treated plots than in the CONTROL plots. In parallel, Al and H concentrations tended to decrease. In the beech stands, the mean pH-H 2 
Vegetation survey and floristic indices
In each of the 54 plots, the vascular plants were recorded using the Braun-Blanquet method. The plants were classified in 3 vertical layers: canopy, shrub and ground vegetation. The survey was done twice: once at the end of June 1994 (before the fertilization), and once at the end of June 1998 (four years after the treatment). The stands were not thinned between these dates.
Three floristic indices were calculated per plot in order to assess the changes in the ground vegetation from different angles after fertilization: the specific richness (S), the total cover (C) and the equitability coefficient (e). The specific richness (S) is the number of different species present in the plot. The total cover (C in %) is the sum of the individual cover per species, which requires the transformation of the Braun-Blanquet dominance 832 L. Misson et al. values into percentage according to Tüxen (1937) (0.5 = 0.5%, 1 = 3%, 2 = 15%, 3 = 37.5%, 4 = 62.5%, 5 = 87.5%).
Furthermore, two plant communities can have the same total cover and the same number of species, despite very different individual species cover. The equitability coefficient (e) provides an insight into the taxonomic structure of the population [33] . It tends to 0 when all the cover is from the same species. It tends to 1 when each species has the same cover. This coefficient is derived from the Shannon-Wiener indices of diversity (H):
where c i is the cover of the i-th species (%). If H is calculated for a population where all the species are represented by the same cover, the equitability is maximum and H = H' = log 2 S. The knowledge of H and H' allows us to calculate the equitability coefficient as:
Finally, to interpret the possible changes of species in terms of ecological variation after fertilization, we classified each plant in the survey into the Ecological Groups described for southern Belgium [7] . These groups define different trophic and hydric categories characterised by their humus type. Species recorded in our surveys belong to the Moder/Mor, Acid Mull, Mesotrophic Mull, Polytrophic Mull, Helionitrophyte, Hygrophyte and Hydromoder groups. Some species were not classified insides these groups, which doesn't means that they are indifferent species. For each treatment and each Ecological Group, we calculated and plotted the mean difference of specific richness and total cover (%) between 1998 (after fertilization) and 1994 (before fertilization).
Statistical analyses
The difference between treatments was tested for each floristic index (S, C and e) in 1994 in order to assess the initial spatial homogeneity of these indices before fertilization. For beech, this was done with ANOVA using a two-way design with STAND and TREATMENT as categorical variables. For oak, a one way ANOVA with TREATMENT as categorical variable was performed because only one stand was available for this species.
For each floristic index, the differences between treatments in 1998 were tested taking into account differences in 1994. For beech, this was done by Covariance Analysis with STAND and TREATMENT as categorical variables, using 1994 data as the covariable. For oak, a Covariance Analysis with TREATMENT as categorical variable and 1994 data as covariable was performed.
The data from the 8B stand were not used in the statistical analyses because the presence of an important regeneration stratum of beech in some plots impeded the development of herbaceous plants. Therefore, we finally analysed the data of 9 plots from the oak stand (3 per treatment) and 36 plots from the beech stands (12 per treatment).
Other statistical analyses were undertaken to test, for each floristic index, which treatment (F1, F2) differed from the CONTROL. For the beech stands, we calculated Least Square Means (LSM) for the floristic indices, which are better than arithmetical means when performing two-way analysis of variance [11] . For oak, we calculated arithmetical means since we performed one-way ANOVA. For the comparison of means, we used the Dunnett's two-tailed t-test to see if any treatment is significantly different from a single control for all main effects. The Dunnett's test was particularly suited to this kind of comparison [8] . We used the SAS statistical package for all calculations (GLM procedure with MEANS or LSMEANS statement) [37] .
RESULTS AND DISCUSSION
Floristic indices
For the three floristic indices, the initial conditions prior to fertilization (1994) were statistically the same across the different treatments: for beech as for oak, no significant TREATMENT effect was calculated in 1994 (table IV) . It has been shown in a previous paper [23] that the TREATMENT effect was also not significant in 1994 for the soil pH, exchangeable cations and total P concentration. Using the same statistical analysis, initial differences of basal area were tested and the p value for the TREATMENT effect was found to equal 0.619 for the oak and 0.822 for the beech stands. Then, the initial spatial homogeneity of the floristic indices, the chemical soil properties and the basal area was considered to be satisfactory across treatments and therefore future comparisons can be made.
Four years after fertilization in the beech stands (1998), the TREATMENT effect was almost significant but for the specific richness only: the p value was 0.075, Fertilization effects on ground vegetationwhich was near the 5% level (table IV) . The mean number of species ranged from 11.6 (CONTROL) to 13.2 (F1) and 14.8 (F2), F2 being significantly different from the CONTROL (table V).
In the oak stand, the difference of specific richness between treatments was almost significant at 5% level in 1998 (table IV) . At this time the mean number of species ranged from 9.3 (CONTROL) to 17.7 (F1) and 19.3 (F2), F2 being significantly different from the CONTROL (table V). The difference between treatments was already important in 1994 and in favour of the fertilized plots. Nevertheless, the increase in the mean number of species from 1994 to 1998 reached 6.7 for the F1 treatment, 6.0 for the F2 treatment and only 0.6 for the CONTROL. *: Significant difference compared to the control (Dunnett's test, a level = 5%); S = specific richness; C = cover (%); e = equitability.
Note that the initial differences between treatments in 1994 are taken into account in the Covariance Analysis of the 1998 data (see 2.4).
Others authors have reported an increase in the number of ground vegetation species after base cation and/or P fertilization [5, 25, 29, 35] . Fehlen and Picard (1994) tested, among others, P, Ca and P + Ca applications in a Norway spruce stand situated on acid brown soil in the French Ardenne. They reported that the mean number of species was only 13 in the control plots and reached respectively 24, 30 and 28 for the 3 treatments cited above. They observed that the total cover of the herbaceous plants increased after fertilization. In our beech stands, total cover also showed a tendency to increase over time with fertilization: from 1994 to 1998 it rose by 7.4% in the F1 and 2.4% fin the F2 treatment, while it decreased of 4.2% in the CONTROL (table V) . Nevertheless, at statistical level the total cover and the equitability didn't show any significant TREATMENT effect in 1998 (table IV).
In the oak stands, statistical analysis shows no treatment effect for the total cover in 1998 but the equitability is affected by the treatment: while it remained constant from 1994 to 1998 in the CONTROL, it decreased by 0.05 in the F1 and 0.14 in the F2 treatment (table V). The p value for the TREATMENT effect was 0.075, which becomes almost significant at 5% level and the Dunnett's test is significant for the F2 treatment (table IV and  table V) .
The difference between the equitability coefficient response in the beech and oak stands was probably due to a higher density and cover of the dominant tree layer in the beech stands. As an indicator, before treatment (1994), the mean basal area of the plots in the beech stands came to 21 (table VI) . The lower cover of the dominant tree layer in the oak stand encouraged greater development of the initial ground vegetation. After fertilization, the emergence of new species with low individual cover contributed to the heterogeneous taxonomic structure of the plant community and decreased the equitability coefficient. In 1998, the oak F2 treatment was characterised by 3 species over 36 that had a mean cover > 14% (Pteridium aquilinum 18.5%, Rubus idaeus 14.5% and
Rubus fruticosus 45.83%), the others having a mean cover < 3% (table VII).
A similar response is discussed by Dulière et al. (1999) , who have compared the ground vegetation after dolomite application in a Norway spruce and a sessile oak stands. They observed that the number of vascular plants increased very rapidly in both stands, already 1 year after liming. Nevertheless, the reaction in the oak stand was less spectacular than in the spruce stand, owing to greater competition between new seedlings and Molinia caerula or Pteridium aquilinum. For the oak stand, Dulière et al. (1999) reported no change in the total cover.
Besides the increase in the specific richness after fertilization, there is a variation between the two sampling dates in the CONTROL plots. Table V shows that the mean number of species in the oak and the beech stands (CONTROL plots) was higher in 1998 than in 1994. No thinning was applied between these dates. The increase in the number of species in 1998 is probably due to a more favourable climate than in 1994. Table VIII shows that the month of May was warmer in 1998, favouring the germination of the herbaceous plants. June was moister in 1998 and this may also have favoured their development.
The analyses of variance reveal a significant STAND effect for the specific richness and the total cover calculated in the beech experimental sites (table IV). The effects of local factors such as climate, stand history and soil characteristics have a significant influence on these floristic indices and make them differ from stand to stand. For instance, the number of species varies from 14 in the 9B stand to 21 in the 7B stand (detailed data not given). Nevertheless, there is a general lack of significant TREATMENT × STAND interaction, which means that the floristic indices react with the same magnitude on all the beech stands after the treatments. Similar results were obtained for several soil and foliar chemical properties [23] .
Ecological Groups
The evolution between 1994 and 1998 in the number of species and total cover (%) in the different Ecological Groups [7] was greatly influenced by fertilization in both the oak and the beech stands. The number of new species appearing in the Helionytrophyte and Mesotrophic + Polytrophic Mull groups was greater in the fertilized plots than in the CONTROL plots ( figure 3 ). For both of these Ecological Groups, this evolution was more L. Misson et al. Rubus fruticosus Non classified 8.42 (7) 6.29 (6) 4.42 (9) 4.54 (7) 8.42 (7) 8.17 (9) Salix caprea Non classified 0.08 (2) Veronica officinalis Non classified 0.04 (1) 0.13 (3) 0.04 (1) 1 : Including absent species with a zero cover, empty cases is when the species is absent from all the plots; : Including absent species with a zero cover, empty cases is when the species is absent from all the plots; pronounced in the F2 plots than in the F1. Furthermore, in the beech stands, some species of the Moder/Mor + Acid Mull group disappeared from the F1 plots while some species of the Mesotrophic + Polytrophic Mull group disappeared from the CONTROL plots ( figure 3 ).
In the beech stands, species from the Hygrophyte + Hydromoder group appeared in 1998, whatever the treatment. In the oak stand, species from the Moder/Mor + Acid Mull group appeared in 1998, whatever the treatment.
The colonisation of limed plots by nitrophilic species has been reported in various studies [5, 6, 12, 25, 29, 35, 39, [42] [43] [44] . In our beech stands, N-demanding species such as Galium aparine and Sambucus racemosa appeared in some of the fertilized plots ( : Including absent species with a zero cover, empty cases is when the species is absent from all the plots; 
Galeopsis tetrahit, Galium aparine, Moehringia trinervia and Sambucus nigra, (table VIII).
The development of seedlings from such plants was due to an improvement in the organic matter mineralization. Different authors have shown that liming and/or P fertilization lead to a significant increase in nitrification on the forest floor and upper mineral soil horizons [5, 18, 35, 36] .
The colonisation of fertilized plots by species from the Mesotrophic + Polytrophic Mull group is due to the increase in soil pH and nutrient supply after base cation and P fertilization [23] . This effect was more important in the F2 treatment than in the F1 treatment because of the addition of potassium sulphate and natural phosphate to dolomite ( figure 3 ). In the beech stands, species such as Anemone nemerosa, Epilobium montanum and Millium effusum emerged in some plots receiving the F2 treatment in 1998 ( Considering the evolution of the mean cover (%) per Ecological Group, figure 4 clearly shows that, for both fertilized treatments, the cover of Helionitrophyte group increased while the cover of the Moder/Mor + Acid Mull group decreased. This trend is visible for the oak as for the beech stands and is even more pronounced in the F2 treatment than in the F1 ( figure 4) .
The regression of cover in the initial acidophilous vegetation was due principally to the regression of a limited number of species with high initial cover. In the beech stands, this decrease affected Deschampsia flexuosa and Luzula luzuloides in the F1 and F2 treatment and Pteridium aquilinum in the F2 treatment (table VII). Note too that the cover of these species, except for Luzula luzuloides, also regressed in the CONTROL plots but to a lesser extent. In the oak stands, the mean individual cover of species like Deschampsia flexuosa, Lonicera peryclimenum and Pteridium aquilinum decreased greatly after fertilization, above all in the F2 treatment (table VIII) .
On the other hand, the increase in cover from the Helionitrophyte group was due to the emergence of numerous new species with a small individual contribution. As shown in tables VII and VIII, the mean cover of new Helionitrophyte species in the F1 and F2 plots never exceeds 1.33%. For the new species belonging to the Mesotrophic+Polytrophic group, the mean cover is even smaller and not greater than 0.17% (tables VII and VIII).
CONCLUSION
This study deals with the response of the vascular ground vegetation after base cation and P fertilization in European beech and sessile oak stands located on acid brown soils. We demonstrate that herbaceous plants react with sensitivity to fertilization carried out in order to restore forest health degraded by nutritional imbalances.
Four years after treatment, the application of 3 T ha -1 dolomite not only increases the specific richness of the ground vegetation (in the oak and beech stands), but also modifies the taxonomic structure or equitability (in the oak stands) and tends to increase the total cover (%) (in the beech stands). The addition of 200 Kg ha -1 potassium sulphate and 400 Kg ha -1 natural phosphate to dolomite reinforces the effects of dolomite. At this first stage of colonisation, the new N-demanding, ruderals and mesotrophic species have a low individual cover (%) and encounter competition from initial acidophilous vegetation. The plant diversity of this initial acidophilous vegetation doesn't decrease but species that have a high initial cover (%) tend to regress. These changes in the composition and taxonomic structure of the ground flora communities could affect the biogeochemical cycle of the forest ecosystem. Further observations should give us more information about developments during the coming years.
The response of the ground vegetation plants is a function of their autoecology but also of interspecific competition. The study reported here shows that the forest type, oak vs. beech stands, influences the vegetational response. In the oak stands, a lower stand density (BA ha -1 ) promotes greater development of the initial ground vegetation, which imposes higher competition on the species appearing after fertilization. More detailed studies would be necessary to understand the difference in the ground vegetation response between the beech and oak stands. Figure 4 . Difference between 1998 and 1994 in the mean cover (%) per Ecological Group [7] and treatment (C: CONTROL; F1: Dolomite Lime; F2: Dolomite Lime + Natural Phosphate + Potassium Sulphate).
